axanthin and zeaxanthin have been shown to be responsible for the protective dissipation of excess excitation energy (Gilmore & Yamamoto 1993) . The relative proportions ofthe carotenoids of this cycle in hydrated green algal lichens seem to play a similar photoprotective role as they do in vascular plants (Demmig-Adams et al. 1990 , Demmig-Adams & Adams 1992 . This avoidance of photoinhibitory damage by increasing the non-radiative energy dissipation appears to be the first response of plants to a variety of environmental stresses, and although exactly how heat dissipation is stimulated remains unknown, there is abundant evidence that violaxanthin de-epoxidation and PS II reaction center inactivation are involved (Schreiber et al. 1994 ).
The light conditions under which lichens grow in the field influence both their acclimation and recovery capacities to high light treatments (Manrique et al. 1993) and their photoprotection potential via xanthophyll cycle (Adams et al. 1993 ). Few ecophysiological studies of lichens have focussed on those periods of transition after precipitation events when hydrated thalli may be exposed, however briefly, to high light. The photosynthetic response pat-0007-2745/95/375-382S0.95/0 terns in relation to light have been mainly studied in hydrated thalli during actual periods of precipitation or under low energy conditions immediately thereafter (Kershaw & Watson 1983 ), but there is evidence for the potential importance of those periods of transition following precipitation for the net photosynthesis of lichens in particular localities (Coxson 1987a) . Negative effects of strong light on lichen photosynthesis were observed in tropical, températe (Coxson 1987&) , mediterranean (Manrique et al. 1993) , and polar species . Lichens growing in mediterranean climatic áreas experience sudden increases in light after short precipitation events, especially during stormy periods of spring and summer. It has been observed that certain Spanish Umbilicariaceae significantly increased the upper surface albedo of their thalli when their water content was optimum for photosynthesis. It has been suggested that this change in the upper surface albedo could be adaptative protection against the deleterious effects of the high light that periodically follows precipitation in the mediterranean habitáis where these species were found (Sancho et al. 1994) . In mediterranean climates, lichens typically have a short metabolically active phase during the early morning hours following hydration during the night (Lange 1988; Lange et al. 1985) . Due to the rarity of periods of activity, the response to sporadic precipitation events that are followed by high light could have a critical effect on the global carbón balance of lichens growing in mediterranean climate zones. The present experiment examines the diurnal course of photosynthetic efficiency and the changes in the proportions of xanthophyll pigments in artificially hydrated thalli of Anaptychia ciliaris (L.) Kórber, a common lichen in certain mediterranean oak forests. The main goal was to assess the physiological response of this lichen to hydration under two contrasting light environments (sun and shade). Chlorophyll fluorescence analysis was employed here as it is now widely accepted as a reliable tool in order to assess in vivo photosynthesis and non-radiative energy dissipation under field conditions (Schreiber et al. 1994 ).
MATERIALS AND METHODS
Sampling and hydration treatments.-'Fiéld measurements were carried out in July 21, 1993, in a forest of deciduous oak (Quercus faginea Lam.) located near Piqueras (Guadalajara, Spain), where the lichen Anaptychia ciliaris (L.) Kórber was abundant growing on tree bark. Prior to daybreak(5:30 local time), dry, medium-size thalli were collected and divided into two main groups, one to be placed under direct sunlight and the other one to be placed in the shade. Five thalli of each group were kept artificially hydrated during the entire experimental period. Another five thalli of each group were hydrated 15 minutes before the measurements, remaining dry until then. New seis of dry Ihalli were used each lime lo ensure Ihal Ihe samples were nol panially hydrated during manipulalions. The water content of non-hydrated samples was always inappreciable and Ihe apparenlly dry slalus of Ihe pholobionl of Ihese Ihalli was confirmed by non-detectable fluorescence signal (as in Schroeter et al. 1991 ). The hydration level of the lichens thal were kepl conlinuously wel was conlrolled by weighing Ihem periodically and spraying wilh dislilled water when necessary. Fluorescence measurements and sample collection for pigmenl exlraction of Ihalli were achieved al 7:00, 11:00, 16:00, 20:00, and 23:00 local lime.
Chlorophyll fluorescence. -Measuremenls of fasl and slow chlorophyll fluorescence kinelics in vivo were made using a portable PAM-2000 fluoromeler (Walz, Germany). Samples were dark-adapled for 15 minutes wilh a black fabric Ihat was always kept wet to avoid bolh Ihallus dehydralion and lemperalure increase as a consequence of Ihe incoming radialion. In fací, Ihe temperature under the fabric did not differ appreciably from the air temperalure. This dark adaptation was carried oul on hydrated samples and, consequenlly in Ihe case of Ihalli kepl dry in the difFerent light environments, a differeni Ihallus sample was used and hydrated al each lime for corresponding measuremenls. Aflerwards, samples were illuminaled wilh red, modulaled lighl lo measure the initial fluorescence (Fo), followed by a saluraling pulse of 4,000 /tmol pholons m~2 sec.~' PAR, lo oblain máximum fluorescence (Fm). (Jones 1992) . Fv/Fm is used as an eslimalor of pholoinhibilion, Rfd as a vilality Índex, and Ihe lwo quenchings as eslimators of the dissipalion of excilalion energy Ihrough pholochemical or non-pholochemical processes. Due lo Ihe importan! effect of thallus water contení on Ihe fluorescence response of poikilohydric plañís (Casper el al. 1993; Jensen & Feige 1991; Manrique el al. 1993; Schroeter 1994) , Ihe ralio of variable lo máximum fluorescence (Fv/Fm, Krause & Weis 1991) during a dark dehydration course of five thalli oí A. ciliaris was followed up in the laboratory prior lo field measuremenls.
Pigment determination. -For carolenoid and chlorophyll exlraclion and quanlificalion, small fragments of lichen thalli were collected at Ihe beginning of each sel of fluorescence measuremenls and plunged into liquid nitrogen lo be Iransported lo Ihe laboratory. Twenly mg portions of each sample were submerged in 1 mi of N,NDimelhylformamide al 65°C for 40 minutes (as in Barnes el al. 1992; Speziale el al. 1984) . Exlracls were fillered Ihrough a Nylon-66 membrane (Millipore) wilh 0.45 uta pore size and injecled in a high performance liquid chromalography syslem (HPLC). A 10 ¡i\e of each fillered exlracl was injecled inlo a 250 x 4.6 mm Spherisorb ODS-2 column using a Rheodyne injeclor and eluled by passing solvent A (mixture of acetonilrile, melhanol, and methylene chloride 96. The photochemical efüciency of pholosyslem II decreased significantly throughoul Ihe day in wet thalli oí~ Anaptychia ciliañs exposed to direct sunlighl while il increased, although slighlly, in wet thalli kept in Ihe shade (Fig. 3) . The vilality of Ihe (Fig. 4) to the thalli continuously wet under the same high light (Fig. 3) . Nevertheless, the valúes of Fv/ Fm and Rfd of these lichens were slightly higher in the afternoon than they were at that time in their counterparts kept wet all day long. Analogously, dry thalli kept in the shade and hydrated 15 minutes before the measurement showed similar diurnal Local time of day (h) FIGURE 3. Diurnal changes of Fv/Fm, ratio of fluorescence decrease (Rfd), non-photochemical and photochemical quenchings (qN and qP, respectively), and antheraxanthin plus zeaxanthin contení in relation to the xanthophyll pool (A + Z/ V + A + Z) of thalli of Anaptychia ciliaris kept wet during the entire day. Open symbols represen! thalli kept under sunlight and black symbols represen! thalli kept in the shade. Each point is the mean of five thalli and vertical bars represent standard deviation. changes in the parameters studied (Fig. 4) to thalli kept Continuously wet in the shade (Fig. 3) (Figs. 3-4 ). Non-hydrated Ihalli were checked by chlorophyll fluorescence and non-delectable aclivity of green algal PSII was observed, which has been considered an indication of dry and inaclive lichen photobionts (Schroeler 1994; Schroeter et al. 1991 Schroeter et al. , 1992 . Bul perhaps some lichens dried in their nalural environmenls slill have enough water for some metabolic processes. The fast response of the pholobionl oíA. ciliaris lo high lighl inlensily found here agrees with whal has been suggested from the carotenoid analysis of Umbilicaria vellea thalli that were briefly hydraled under direcl sun light (Adams et al. 1993) , and seems to be an advantageous fealure for a poikilohydric organism Ihat is subjected to intermitent and brief periods of activily.
The diurnal course of Ihe fluorescence parameters 380 THE BRYOLOGIST [VOL. 98 of all thalli of A. ciliaris kept in the shade pro ves the good adaptation of this lichen to understory light conditions, since they exhibited optimum valúes of vitality and photochemical eíñciency of PS II despite the artificial hydration treatments that they were subjected to. The fact that shade thalli increased their Rfd valúes and, to a lesser extent, also their Fv/Fm valúes throughout the day was clearly associated with a decrease in the thermal energy dissipation and the relative amount of antheraxanthin and zeaxanthin. The predawn measurements pointed to a sustained thermal energy dissipation in the studied thalli of A. ciliaris, evidence by low valúes of Fv/Fm and relatively high valúes of (A + Z)/(V + A + Z) (Fig.  3-4) . Adams et al. (1993) reported high accumulations of Z for shade thalli of several lichen species and they argued that dessication of lichens in the shade could lead to reductions in photosynthesis rates such that even the low intensity of light found in such an environment may become excessive, stimulating the formation of large amounts of this pigment. An accumulation of A + Z has been found in the lichen Ramalina capitata during the dessication process that was relatively independent of the light intensity at the moment of dessication (Sanchez-Hoyos & Manrique 1995) . This suggests the possible existence of a general accumulation of the photoprotective forms of the xanthophyll cycle during the process of thallus dessication, although the role of the low light suggested by Adams et al. (1993) cannot be ruled out. Another possible explanation for the high predawn levéis of A + Z observed in A. ciliaris is the chilling night and predawn temperatures registered in the study área even in summer (Fig. 2) . A photoprotective down regulation of PS II that involved xanthophyll cycle associated energy dissipation sustained throughout the night has been found in plants exposed to low temperatures (Adams & Demmig-Adams 1994), but it has not been studied in lichens. The reduction in the photochemical efficiency caused by high light at chilling temperatures observed in lichens (Coxson 1987a, b) and vascular plants (Huner et al. 1993) seems to be an infrequent event for the lichen studied here since low temperatures are mostly associated with low light intensities in the shade localities where A. ciliaris occurs. But nevertheless, the low predawn photochemical efficiency observed in A. ciliaris could be an important restriction for the general carbón gain of this lichen due to its negative effect on net photosynthetic rate under non-saturating light and due to the fact that it is precisely in the early morning when lichens typically exhibit a short period of high photosynthesis under mediterranean climatic conditions (Lange 1988 , Lange et al. 1985 . Any environmental factor decreasing the speed of the interconversion of the xanthophyll cycle pigments (e.g., cold temperatures, low thallus water content) would have a detrimental effect on the utilization eíñciency of these short hydration periods, since both the maintenance of high levéis of A + Z under low light conditions (decreased photosynthetic efficiency) and the inability for a fast production of A + Z under high light (decreased photoprotection, increased risk of photon damage) may have equally dramatic implications for the growth of this lichen species.
The Fv/Fm valúes of all thalli of A. ciliaris exposed to direct sunlight during the whole day were very low after several hours at low light during the eveuing despite the low valúes of A + Z observed at that time of day. The sustained high non-photochemical quenching of these thalli showed by chlorophyll fluorescence was due not only to a real thermal energy dissipation (associated with a quenching of the maximal fluorescence) but also to an increase in the minimal fluorescence (Fo). These facts together point to a possible chronic photoinhibition (photon damage) of these samples, and may indicate the deleterious effect of an artificially long exposure to direct sunlight of A. ciliaris thalli from the studied population. It would be interesting to study the possible existence of photochemical acclimation of this lichen to direct sunlight and the possible development of long-term adaptations concerning pigment content and thallus morphology that would allow this lichen to cope with high light intensities. The apparent photon damage observed in the samples exposed throughout the day to direct sunlight but hydrated only under dim light in the late evening may reflect a maintenance of a very low metabolic activity in some apparently dry lichens (and then, photoinhibitory damage due to the absorptance of more light than used in photochemistry) as discussed above. But it may also reflect a malfunction under the experimental conditions of the photoprotective process suggested for dessicated lichens (Bilger et al. 1989; Sigfridsson & Óquist 1980) . The sunlight treatment studied here resembles, to a certain extent, the rapid and dramatic changes in the canopy that occassionally take place in some open forests and woodlands in mediterranean habitáis añected by human management. The observed disappearence of A. ciliaris in some of these localities could be associated with a detrimental frequency of photoinhibitory damage events for these shade-acclimated populations. 
